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Abstract: The scientific community and general public have been exposed to a series of achievements attributed 
to a new area of knowledge: Nanotechnology. Both abroad and in Brazil, funding agencies have launched pro- 
grams aimed at encouraging this type of research. Indeed, for many who come into contact with this subject it 
will be clear the key role that chemical knowledge will play in the evolution of this subject. And even more, will 
see that it is a science in which the basic structure is formed by distilling different areas of inter-and multidisci- 
plinary knowledge along the lines of new paradigms. In this article, we attempt to clarify the foundations of nan- 
otechnology, and demonstrate their contribution to new advances in dermatology as well as medicine in gener- 
al. Nanotechnology is clearly the future. 
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WHAT IS NANOTECHNOLOGY? 

Nanoscience is the study of particles on an atom- 
ic or molecular scale, whose size is measured in 
nanometres. A nanometre is a billionth of a metre. 1 
Thus, nanotechnology can be described as a collection 
of methods and techniques for processing materials at 
an atomic and molecular scale to create products with 
special physicochemical properties in relation to con- 
ventional products. In turn, nanobiotechnology, both at 
the molecular and cellular level, deals with the devel- 
opment of components on the biomolecular nanoscale 
and of instruments for investigating cellular biology. 2 

HISTORY AND EVOLUTION 

In the 1950' s, physicist Richard Feynman, con- 
sidered "the father of nanotechnology", launched the 
idea on the power of manipulating molecules and 
atoms, resulting in components so small they are 
invisible to the naked eye. ^-5 However, the term 
"nanotechnology" was only defined in 1974, by 
Professor Norio Taniguchi at Tokyo University, as a 
process of separating, consolidating, and deforming 
materials atom by atom or molecule by molecule. 
Between 1980 and 1990, many advances were made in 
materials, for example, IBM (International Business 
Machines) developed the scanning tunnelling micro- 
scope (STM) in 1981 and the book "Models of 



Molecular Gears" in 1986 by Eric Dexler. "Engines of 
Creation" in 1986 by Eric Drexler? 1 From 2000, nan- 
otechnology has gained more and more space in dif- 
ferent scientific areas, with the development of differ- 
ent studies and increased attention from laboratories. 

Therefore, nanotechnology is not just related to 
nanoscale, but also to developing manufacture, 
design, precision, and specificity. 6 Skin is the first 
point of contact for a series of nanomaterials - from 
topical applications, articles of clothing, domestic 
utensils, to sports items and industrial manufactured 
products. Nanomedicine applications in dermatology 
also embrace new directions for medical diagnosis, 
follow up, and treatment. 7 Gold nanoparticles, quantic 
points, and magnetic nanoparticles are present in high 
resolution non-invasive nanoimages in dermoscopy, 
microscopy, nanopunch, and spectroscopy, offering 
advanced diagnosis and treatment methods. 
Nanotherapies are gaining space in immunotherapy, 
gene therapy, and medication therapy. In this, due to 
the reduced size or encapsulation of medication, the 
therapeutic potential of water-insoluble and unstable 
drugs tends to improve, which also facilitates deliver- 
ing small molecules through the skin, blood, nails, 
and pilosebaceous unit (Table 1). 8 
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NANOTECHNOLOGY FROM A DERMATOLO- 
GIST'S PERSPECTIVE 

Expectations of nanotechnology are positive and 
have spread through all academic sectors of medicine, 
the scientific community, and industry in a general way. 

Friedman et al. in September 2011 performed a 
study in the USA aimed at evaluating the basic under- 
standing and perception of nanotechnology in derma- 
tology teaching programs. 9 They evaluated interns, 
investigators, and professors in this area via an on-line 
questionnaire randomly sent to members of a derma- 
tological community (from 100 participants, the 
response rate was 23%). Participants responded to 
questions using a five point scale of strongly disagree, 
disagree, uncertain, agree, and strongly agree. 
Approximately equal numbers of interns and residents 
responded (52% and 47.75%, respectively). Most of 
those questioned did not attend any educational activ- 
ity on nanotechnology (69.57%) and agreed about the 
need for more education related to this theme, as well 
as it being incorporated into the dermatology resi- 
dence curriculum (60.87% in favour and 13.04% dis- 
agree). They also agreed that a large proportion of 
nanoresearch could contribute to better understanding 
of cutaneous diseases (78.26%), to advances in skin dis- 
ease diagnosis (73.91%), and treatments (78.26%). A 
large majority of the participants recognised the 
importance of intensifying scientific research (82.60%) 
and funding in nanotechnology (78.26%). 

Not surprisingly, participants demonstrated 
uncertainty in relation to questions on the safety of 
nanotechnology in both the pharmaceutical (60.87%) 
and cosmetic (69.57%) spheres. Furthermore, an over- 
whelming majority responded positively in relation to 
needing more studies to evaluate the safety of nano- 
materials (86.96%). 



Table 1: Promising areas in nanodermatology research 2 
Area of Development Potential Areas of Application 



Consumer Products Sunscreen, antimicrobials, dressings, 

slow liberation volatile compounds 
(such as perfumes and insect repellents). 

Diagnostic Equipment Real time visualisation of tumours 

and sentinel lymphnodules, real time 
diagnosis of infections and malignant 
diseases, minimally invasive biopsies. 

Therapeutic Agents Antimicrobials, skin fillers, cutaneous 

paralyzing agents, corticosteroids 
located in the epidermis, gene silen- 
cers, cutaneous vaccines, induced skin 
treatments (for example, optical, ma- 
gnetic, thermal, and radiof requency ) . 



NANOPARTICLES 

Nanoparticles are small substances which 
behave and react as a total unit, with dimensions 
between 1 nm and 100 nm. They can be divided into 
organic and inorganic substances or classified accord- 
ing to their shape, size, surface, and physicochemical 
properties. As the particles interact with biological 
surfaces, it becomes more interesting to distinguish 
between the malleable and rigid ones. 10 

Malleable nanoparticles are made from organ- 
ic materials (lipids, proteins, polymers) and can have 
their shape changed by stress or contact with sur- 
faces. 10 Malleable particles include: 

• Liposomes - hydrophilic and lipophilic sub- 
stances, which demonstrate high penetration into 
hair follicles when associated to medication; 11 

• ISCOMs - are matrixes composed of phospho- 
lipids, cholesterol, saponifiers, antigens used in 
vaccines; 12 

• Virosomes - are viral hybrid liposomes and pro- 
teins applied in vaccines (HBV and HPV); 1314 

• Polymerised particles (PLA; PLGA; CL) - are 
mainly studied due to their cytotoxicity and non- 
biodegradable accumulation, a factor limiting 
their use in humans; 15 

• Fullerenes - are supermolecular structures, con- 
sidered nanoparticles - they are investigated due 
to their capacity to absorb LTV radiation and elim- 
inate free radicals; 1617 

• Dendrimers - are used to transport medication; 18 

• PAMAM - have been used to increase substance 
skin penetration; lv 

• Solid Lipid Nanoparticles (SLN) and 
Nanostructured Lipid Carriers (NLC) - loose the 
liposome micelle structure, are stable in both 
lipophilic and hydrophilic environments, and are 
very safe for carrying and liberating substances in 
the skin. 2021 ' 22 

Rigid nanoparticles are composed of inorganic 
material. They are various forms of colloidal structure, 
made of metal (gold or silver), metal oxide (iron), and 
ceramic material (silica), encapsulating medication in 
their interior, transferring and liberation various sub- 
stances, without which would be degraded by tissues 
on the way. 10 Quantum Dots are nanocrystalline semi- 
conductor material with an exclusive spectroscopy 
and with optical properties good candidates for diag- 
nostic applications and delivery systems. 2324 

ACTION MECHANISMS 

The skin is a barrier to drug penetration due to 
the structure of the epidermis. Before a drug reaches 
the blood flow and has its systemic action, it must first 
be absorbed through the skin, crossing the horny layer 
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and subsequent layers of the epidermis to reach the 
dermis. Cosmetic products do not aim to have a sys- 
temic action, but most have to provide greater penetra- 
tion through epidermis layers. 25 Three mechanisms are 
suggested for solute penetration of the horny extract: 

a. Transfollicle permeation (through hair follicles) 
and sudoriparous hair ducts - Various investigations 
have established that the transfollicle route is a very 
significant penetration route for many compounds; 25 

b. Transcellular permeation: solutes pass directly through 
the horny cells and the intercellular lipid matrix; 26 

c. Intercellular permeation: the solutes tortuously 
diffuse around the horny cells, constantly remaining 
in the lipid matrix. 27 

Permeation through intact skin is very difficult 
for molecules larger than 200-350 Daltons; the maxi- 
mum size is considered to be 400 Daltons. 28 Most small 
non-electrolytic water soluble molecules diffuse to 
systemic circulation up to one thousand times faster 
when the horny layer is absent. So to maximise sub- 
stance flow, we try to reduce this obstacle, even so, 
sometimes the follicle route can be important. 2 ' 

From a penetration standpoint, skin reacts as a 
mechanical nano-porous barrier, penetrated by a large 
number of nearly semi-circular channels or pathways. 
Most publications estimate that these hydrophilic 
"pores" have a mean diameter of between 0.4 and 36.0 
nm. As most passive permeation molecules, cross the 
skin by these intercellular "microchannels", different 
techniques have been proposed to improve this route 
and change the molecular architecture represented by 
corneocytes and by the many intercellular lipid layers. 
Nanoparticles actively participate in this. 25 - 29 

THE HAIR FOLLICLE AS A DRUG ACTION SITE 

The pilosebaceous units have an important role 
in the permeation and penetration processes of topi- 
cally applied compounds. The human hair follicle, as 
well as being a reservoir is an entry point for topical- 
ly applied substances, and also contributes to trans- 
porting drugs through the skin. Liberation systems for 
drugs and formulations aimed selectively at the 
human hair follicle allow the delivery of effective 
doses of active compounds to the interior of the folli- 
cle duct. Possible applications include treating hair 
growth abnormalities as well as treating hair follicle 
associated diseases and general skin disorders. 25 ' 3 " 

ACTIVE SUBSTANCE LIBERATION SYSTEMS 
FOR TOPICAL ADMINISTRATION 

Although the concept of drug liberation system 
is not new, enormous progress has been made recent- 
ly using it to treat a variety of diseases. 31 One new area 
of research is the development of liberation systems to 
transport active substances in the epidermis and keep- 



ing them at the action site. 32,33 The different properties 
of modified liberation systems bring various benefits 
for pharmaceutical and cosmetic products, in that 
they are not only dependent on the main active ingre- 
dients, but also on the liberation system in which they 
are transported. These systems can liberate the main 
active ingredient in specific areas, as well as predict 
their liberation rate in the skin. 33 ' 34 

Liposomes and niosomes, cyclodextrines, 
microparticles (microcapsules, microspheres) and 
nanoparticles (nanocapsules and nanospheres) are 
some of the types of liberation systems used to trans- 
port active substances in topical administration. 25,34 Of 
these, nanoparticles are promising systems as they 
have no technological limitation, have high physico- 
chemical stability, and can be incorporated in different 
formulations. Nanoparticulate systems can be used as 
vehicles for the modified liberation of a wide variety 
of active substances. 25,33,34 

Therefore, this active substance liberation sys- 
tem for topical application aims to (1) facilitate labile 
substance transport, increasing compound efficacy, 
and improving final product appearance; (2) maxi- 
mize the length of time compounds remain in the 
skin, minimising transdermal absorption; and (3) lib- 
erate products in specific areas. 

It is not just the topical route which is hailed as 
promising in nanodermatology. Today there are many 
studies on the use of nanoparticles, mainly liposomes 
as delivery vehicles for drugs neoplasia treatment, 
such as melanoma skin cancer. Nanotechnology pro- 
vides a way of encapsulating therapeutic agents 
which lead to improvements in circulation time, 
tumour absorption without compromising the reticu- 
loendothelial system and minimising toxicity. 35 

DRUG TRANSPORT SYSTEMS FOR THE FOLLIC- 
ULAR ROUTE 

From the systems frequently studied for topical 
treatments, microparticles stand out as presenting 
good stability and for allowing a modified liberation 
of active compounds. 25 Recent studies have shown 
that microparticle penetration through cutaneous 
appendages is proportional to their size. 36 No 
microparticle larger than 10|im penetrates via follicle 
orifices or the horny layer, while particles with a 
diameter between 9 and 10|im concentrate around the 
follicle opening without any penetration. 
Microparticles of 7^m are frequently seen in much 
deeper regions of the follicle canal, but rarely pene- 
trate the horny layer. Microparticles of 5|im display 
high concentrations in the follicle duct, but do not 
penetrate through the horny layer. 36 However parti- 
cles smaller than 3|im, studied by Rolland et al, reach 
the interior of this cutaneous appendage and have 
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also been observed in surface layers of the horny 
layer, but never in viable epidermis. 37 

Different studies have proven that micro and 
nanoparticle systems improve drug permanence in 
the skin without increasing transdermal transport. 38,39 
With regard to exposure, the follicle route offers an 
extraordinary opportunity for drug transport in der- 
matological treatment and functional cosmetics. 25 
POLYMERIC MICRO AND NANOPARTICLES 

Polymeric micro and nanoparticles have been 
investigated for their sustained release properties and 
their capacity to reach specific sites for drug action." 
Particles with a diameter less than 1 (im are considered 
nanoparticles, while particles with a diameter of 1 um or 
more are called microparticles. The term micro/ 
nanoparticles also refers to two different types of struc- 
ture: micro/ nanospheres and micro/nanocapsules. 

The spheres are systems in which the active 
substance is homogenously distributed within the 
polymeric matrix while micro/nanocapsules are 
reservoir systems, presenting a differentiated nucleus, 
with a cover material surrounding the central region, 
and containing a solid or liquid active substance. 41 The 
cover material can be composed of organic polymers, 
fats, proteins, polysaccharides, etc. According to 
Finch, there are more than 200 methods of producing 
microcapsules. 42 Depending on the processes and 
materials used in producing microparticle systems, 
content liberation can occur by mechanical rupture of 
the wall, bioerosion, or active substance diffusion. 42 

Micro and nanospheres differ from micro and 
nanocapsules by consisting of solid matrix systems 
where one polymerised material forms a three-dimen- 
sional net in which the active substance is absorbed, 
incorporated, or covalently bonded on the particle 
surface, and generate dissolving, dispersion or porous 
systems. 25 These systems are formed using a variety of 
polymers, including gelatine, alginate, albumin, poly- 
siloxanes, styrene copolymers, acrylates, lactic acid, 
and glycolic acid. A typical example of using micros- 
pheres in topical formulations is the Microsponge 
Delivery System (MDS), patented by Advanced 
Polymer Systems. This polymeric system consists of 
porous liberator microspheres for a wide range of 
active compounds including emollients, fragrances, 
essential oils, sun filters, antibacterials, antifungicides, 
and anti-inflammatories. Microsponges come in the 
form of rigid or soft structures, depending on poly- 
meric composition, level of crosslinking, and parame- 
ters required to attain the required active component 
liberation rate through the pores. Content liberation is 
initiated by pressure or changes in temperature, or by 
active substance diffusion. 32 

Therefore nanoparticles in dermocosmetics are 
very important, as they present (1) greater bioavail- 



ability; (2) prolonged gradual release of the active 
component, with transport of smaller drug quantities; 
(3) improved tolerance; and (4) maximised action. The 
final objective is to carry the active ingredient to the 
deepest layers of the epidermis. 

APPLICATIONS IN DERMATOLOGY 

a. Consumer products: photoprotectors 

There is a current increase in the use of nanopar- 
ticulate titanium dioxide (Ti0 2 ) and zinc oxide (ZnO) 
in photoprotector products. 43 These nanoparticles pro- 
mote less skin whitening than inorganic composition 
sun filters, generating more effective products in rela- 
tion to the capacity to disperse, absorb, and reflect UV 
radiation as well as being more aesthetically elegant. 44 
However, it has become necessary to understand the 
properties of Ti0 2 and ZnO nanomaterials in relation 
to particle size, mainly in regard to skin penetration 
safety and their phototoxicity potential. 

Skin penetration studies have shown that 
Ti0 2 and ZnO nanoparticles are safe when in contact 
with intact skin; however more tests are needed when 
skin integrity is compromised. It is still unknown 
whether injured skin permits higher penetration. 
However, it is known that in some cases such as 
hyperkeratotic psoriasis, thickening of the horny layer 
can reduce it. 45 " 56 

As for phototoxicity, during exposure to UV 
radiation, free radicals and reactive oxygen species are 
formed by these nanoparticles. 57 - 58 Reactive oxygen 
species have the potential to damage cellular DNA 
and can generate mutations; they can also have a prej- 
udicial effect on proteins and lipids, causing irre- 
versible cell damage. 59 61 

b. Innovations in cosmetics 
Nanomaterials and nanobiotechnology have 

the potential to radically change the way cosmetics 
and medicines provide their benefits. But nanoparti- 
cles are specifically used to encapsulate a vast range of 
substances beneficial to skin. 62 In this way nanovesi- 
cles, characterised as a delivery system, in addition to 
solid lipid nanoparticles (SLN) or nanostructured 
lipid carriers (NLC), are being developed for both 
pharmaceutical and cosmetic use. 63 

SLNs and NLCs have advantages in relation to 
delivery system over vesicles, mainly due to their 
high stability, as well as creating a lipid film on the 
skin, avoiding water evaporation and as a conse- 
quence increasing skin hydration. 62 Furthermore, 
these nanostructured compounds promote more con- 
tact with the horny layer which increases the quantity 
of incorporated active ingredients reaching the action 
site. Cutaneous penetration is also optimised due to 
low surface tension in the whole system. 62 64 

Microcapsules also deserve a mention as insolu- 
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ble nanoparticles used in cosmetics. They help resolve 
problems in relation to incompatibility between prod- 
ucts as well as protecting substances susceptible to oxi- 
dation or affected by atmospheric humidity. 1165 

Chi tin nanofibrils are made from a natural poly- 
saccharide obtained from crustacean shells after car- 
bonate and protein removal. It is easily metabolised by 
endogenous body enzymes, and as well as possessing 
eco and bio compatible characteristics, can be used 
with safety. 66 - 67 These nanofibrils activate keratinocyte 
and fibroblast proliferation, and regulate collagen syn- 
thesis and cytokine and macrophage secretion. 686 ' 
There is interesting evidence in relation to their capac- 
ity to not just act on the appearance of photoaged skin, 
but also to promote wound healing reducing hyper- 
trophic scars (Figure l). m71 

c. Treatment of inflammatory disorders 

In diseases where the barrier function of the 
skin against irritants is prejudiced, such as in atopic 
dermatitis, emulsions with active ingredients are cur- 
rently used to imprison or transform allergens. 1 " 
Nanoparticles can be used to more evenly distribute 
these substances, as for example in antioxidant carri- 
ers, protecting the skin from doxorubicin excretion by 
sweat glands. 72 Similarly nanoparticle barrier creams 
are more effective than high lipid content moisturisers 
in protecting the skin against water loss and minimis- 
ing the potential threat of contact dermatitis on the 
hands, also demonstrating better occlusive results and 
action against antioxidants. 73 

Corticoids, which have many applications in 
dermatology, are also associated with nanoparticles. 
Association with liposomal formulations minimise 
some known steroid side effects, such as cutaneous 
atrophy, which limits chronic use. 74 Podophylotoxin 
encapsulated in SLN has similar effects to steroids in 
treating genital warts. 75 Promising results have been 
seen with liposomal T cell inhibitor, Cyclosporine A, 
and Tachrolimus formulations. 76,77 Besides, nanoparti- 
cles provide higher tolerability, improved safety, and 
excellent effects. Methotrexate, Psoralens, Dibranol, 
Clotrimazol, and other antifungal drugs have had 
excellent results. 63 78 ' 80 

d. Antisepsis and asepsis 

Antisepsis is another big area for nanoparticle 
operation. Chlorhexidine gluconate carried by 




nanoparticles (Nanochlorex®) as well as having an 
immediate antibacterial effect, due to fast absorption 
from the capsule wall, also has a prolonged effect due 
to sustained liberation from the particle nucleus. 81,82 
Particle efficacy in formulations is comparable to 60% 
isopropanol, making them a viable alternative to alco- 
hol based hand products which can exhibit some skin 
damage after repeated exposure. 83,84 

Other nanoparticles, such as naked Ti0 2 , have 
antibacterial properties due to their photocatalytic 
action. After exposure to UV radiation, naked 
Ti0 2 acts as a photocatalyst promoting peroxidation 
of the polyunsaturated phospholipid component of 
the prokaryotic lipid membrane. 85 The most commer- 
cialised antibacterial nanomaterial to date is nanosil- 
ver, used not just in wound and burn dressings but 
also as water disinfectant and room spray. Its antibac- 
terial effect probably results from its mitochondrial 
toxicity due to interaction with groups of internal 
membrane protein thiols, causers of oxidative stress. 86 
Many products are already on the market, for exam- 
ple, ACTISORB Silver 220® dressings. 10 

e. Phototherapy 

Short Pulse Lasers have already been used in 
ophthalmology and in dermatology for targeting 
melanosomes, and therefore for treating skin hyper- 
pigmentation and retina disorders. By the same prin- 
ciple of specific directioning for cell populations 
which do not have endogenous pigments, immune 
conjugates of iron oxide microparticles or gold 
nanoparticles have been tested as light absorbers. As 
both types of particle absorb light and liberate 
absorbed energy in the form of heat, after a laser pulse 
high temperatures are attained resulting in micro- 
scopic tissue rupture and cell damage. 87 

Photothermal Therapy (PTT) has used agitated 
gold nanoparticles to inhibit tumour growth in rats 
with squamous cell carcinoma. This effect also causes 
less surrounding tissue damage, making the remedial 
treatments viable. 88 It is attained by conjugating 
nanoparticles to monoclonal antibodies or other lig- 
ands such as hormones, an active segmentation of 
malignant cell populations. Previous experience with 
different epithelial cell lines has shown that gold 
nanoparticles conjugated with anti-EGFR antibodies 
kill malignant cells after using half the energy 



Figure 1: NQ - 
Chitin Nanofibril 
/ C - Control : 
Healing activity 
of Chitin 
Nanofibril: left 
after 4 days, right 
after 20 days 



Source: Morganti P, 2010. 
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required to kill benign cells, thus guaranteeing PTT 
safety. 89 Recently, low weight gold nanospheres conju- 
gated to melanocyte stimulating hormone analogues 
were developed to evaluate their potential for selec- 
tive photothermal ablation in murine melanoma. We 
therefore look forward to the appearance of new treat- 
ment techniques in the near future. 90 

There is another promising treatment strategy 
for skin cancer and other cutaneous diseases; however 
its use is limited due to cost, patient adhesion, and 
mainly pain. It is based on the principle of optical acti- 
vation of a photosensitive agent and subsequent con- 
version of local tissue oxygen into in various radicals 
harmful to tissue. 91 The use of nanoparticles as passive 
carriers for photosensitive substances or as active par- 
ticipants has renewed interest in photodynamic treat- 
ment applications. The best treatment effect is attained 
by passive carriers thanks to sustained liberation. They 
can also counteract the side effects of general photo- 
sensitivity, as they can specifically accumulate in target 
cells saving the surrounding healthy tissues from the 
undesired effects of PDT. 92 Preferential accumulation 
of nanoparticles in target tumour tissue also improves 
drug efficacy. With an identical dose, a higher concen- 
tration of photosenstiser is found in target cells when 
associated to nanoparticles than in isolated adminis- 
tration. 93 Recent studies have shown the possible effi- 
cacy of nanoparticles in combination treatments, for 
example chemotherapy and photodynamic therapy. 
Mediator nanoparticles in combination with 
chemotherapy and photodynamic therapy using dox- 
orubicin and methylene blue have had significant ther- 
apeutic effects against drug resistant tumours. 94 

f . Treatment of sebaceous gland diseases 

The sebaceous gland is a key component of the 
pilosebaceous unit. The sebaceous duct opens into the 
hair follicle canal, that is to say, strategies for treating 
hair follicle associated diseases especially benefit by 
follicular penetration of topically applied particles. 10 
Initial experiments by Schaefer et al. with adapalene 
particles carried by polymerised particles (PLA 
and PLGA) have shown the beneficial role of particle 
systems in drug distribution for intrafollicular drug 
delivery and for much better success in treating seba- 
ceous gland disorders such as acne and other pilose- 
baceous disorders. 37 

These initial indications of specific sebaceous 
glad segmentation using biodegradable PLA or PLGA 
particles were recently confirmed by Rancan et al. 93 
After particle penetration of follicles, encapsulated 
fluorescent stains were released from PLA particles 
which selectively stained the sebaceous gland. 93 
Recently, Taglietti et al. reviewed different DDS parti- 
cles already in use for treating acne. 95 A wide range of 
nanoparticles with different physicochemical proper- 



ties, such as liposomes, SLN's, and polymerised 
nanoparticles increased follicle penetration, reaching 
much higher local drug concentrations, and optimis- 
ing the therapeutic effect. Other retinoids besides 
PLGA particle encapsulated adapalene have been test- 
ed; they include liposomal retinol and tretinoin. 38 ' 96 

A big advantage of these delivery systems is 
improved tolerability to irritation caused by retinoids. 
This improves patient treatment compliance as well as 
presenting systemic effects from substance absorp- 
tion. Encapsulation design techniques are currently 
being studied to improve the therapeutic index of 
retinoid formulations. 97 Castro et al. have shown that 
SLN's loaded with all-trans-retinoic acid (ATRA) were 
significantly less irritant than commercial retinoid 
cream. These new particle based formulations are a 
promising alternative to topical treatment of acne 
with retinoids. 98 " 

Current research on encapsulation of acne 
drugs in particle based distribution systems is not 
exclusively limited to retinoids. Bernard et al. demon- 
strated that liposome formulations of antiandrogenic 
RU-58841 displayed much deeper hair follicle pene- 
tration, specific target action on the sebaceous gland, 
and that various antiandrogens were carried by 
SLN's. 100101 An extended study over the last few years, 
has generated the commercialisation of certain parti- 
cles as a basis for anti-acne products such as benzoyl 
peroxide (BP) such as BP microsphere cream 5.5% 
(NeoBenz Micro®, SkinMedica, Inc.) and a BP micros- 
phere wash 7% (NeoBenz Micro Wash Plus Pack®, 
SkinMedica, Inc.). Clinical studies have shown high 
skin tolerance levels, aesthetic attributes, and patient 
satisfaction after treatment with BP-microsphere carri- 
er creams. 102 

g. Treatment of scalp diseases 

As they increase drug penetration in hair folli- 
cle openings, particle delivery systems for drugs are 
shown to be a key point in treating hair disorders, as 
well as acting as a deposit for sustained release of the 
drug contained within them. It is therefore believed 
that nanoparticle formulations are more suitable than 
aqueous solutions and alcohol used until now for 
treating heir disorders such as androgenic alopecia 
and alopecia areata. In effect, hair growth ingredients 
encapsulated in particles showed 2.0 to 2.5 times 
longer permanence in hair follicle regions than aque- 
ous control solutions. 10 Hinokitiol encapsulated in the 
same particles substantially strengthened the transi- 
tion of hair follicles from the telogen to anagen phase 
than a simple solution of the same substance. 103 
Encapsulation of Minoxidil in 40-130 nm polyethylene 
glycol nanoparticles improved its permanence in the 
hair follicle region. 104 Taking advantage of the prefer- 
ential penetration for particle based systems of drug 
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delivery in the hair follicle canal, Jain et al. demon- 
strated increased penetration of Minoxidil encapsulat- 
ed in neutral liposomes in pilosebaceous units in com- 
parison to conventional formulations of the same 
drug. 105 Another well-established drug for treating 
alopecia is Finasteride. When carried in liposomes, 
delivery is more effective and local, and is an alterna- 
tive to oral administration of the drug. 106 

Nanoparticle delivery systems for drugs show 
great success in treating alopecia areata, seeing that 
treatment of this autoimmune disease of the hair folli- 
cle is still a great challenge and its frequent failure can 
be frustrating to patients and doctors alike. The incor- 
poration of immunomodulation agents into nanoparti- 
cles or nanoparticle delivery systems could replace the 
oral administration of drugs with serious side effects 
by more selective and effective topical treatments. 10 

Potential new topical treatments for alopecia 
areata in humans are liposomal formulations of 
cyclosporin A, hair growth inducers in rats. 107 
Recently, Nakamura et al. demonstrated controlled 
delivery of small interfering RNA using biodegrad- 
able cationised gelatine microspheres in a murine 
alopecia areata model, with disease remission. 108 Due 
to a lack of other options, hair gene therapy has 
gained importance and these latest highlight the role 
of new particle based drug delivery systems. 10 

h. Nanobiotechnology in combating cancer 

Cancer is one of the five commonest diseases in 
the world with ten million new cases expected every 
year. Characterised by its high morbidity and mortal- 
ity, chemotherapy treatments are in most cases are 
only palliative in nature. Therefore there is an avid 
search for early diagnosis methods and forms of treat- 
ment to provide less patient suffering and increased 
survival. 109 Chemotherapy cancer treatments have 
serious inconveniences such tumour cells easily 
becoming resistant to drugs, tissue barriers, need for 
high doses, toxicity, and side effects. 110 " 112 

Nanotechnology has emerged as one of the 
most fruitful areas in cancer treatment and is consid- 
ered a promising method for improving diagnosis, 
treatment, and prevention of the disease. 109 One exam- 
ple is the case of B cell lymphoma. These cells present 
the CD20 epitope on their surface. Rituximab, used in 
target-driven therapy, is an antibody with anti-CD20 
activity, acting on cells which express this protein on 
their membrane by activating immunological reac- 
tions which cause cell lysis. Therefore their introduc- 
tion into conventional chemotherapy schemes consid- 
erably increases the chances of cure. 113 " 115 

Melanoma treatment is mainly dependent on 
disease phase. From initial to the most advanced 
stages we have surgical removal, sentinel lymph node 
mapping, chemotherapy, radiotherapy, and biological 



therapy (interferon alpha and interleukin 2). 116 - 117 
Survival rate for Stage 1 melanoma is nearly 100%, but 
for more advanced cases of metastatic melanoma it is 
less than 10%. 116-118 Identification of specific proteins, 
development of new agents, improvements in thera- 
peutic schemes, and effective delivery of agents into 
tumour cells are the directions for developing a specif- 
ic more effective strategy in delivering melanoma 
treatment. In relation to agent delivery, it searches for 
ways of increasing drug concentrations in tumours 
with minimal side effects and low effective doses. 119 
Nanotechnology provides an approach to encapsulate 
these agents that drive improvements in circulation 
time, tumour absorption, not compromising the retic- 
uloendothelial system, and minimising toxicity. 
Liposomes in particular are a promising nanotechnol- 
ogy for effective agent delivery in melanoma treat- 
ment. Liposomes can deliver chemotherapies, siRNA, 
asODNs, DNA, and radioactive particles. 35 

NANODIAGNOSIS 

Diagnosis by image is characterised by using 
contrasts in Magnetic Resonance. Particles such as 
gold, silver, gadolinium, iron oxide, are used for this 
function. 109 Diagnostic agents associated to carrier par- 
ticles for specific ligands to determine tumour cells, 
are more diffused in primary or secondary tumour tis- 
sue, which facilitates their visualisation in images and 
consequently topographical location and early diag- 
nosis (Figure 1). M9 ™- 122 

New diagnostic applications test different 
nanoparticles due to many advantages, such as higher 
sensitivity of permissible detection methods to perform 
analysis on small quantities of tissue samples. An ele- 
vated specificity is attained when conjugated with mon- 
oclonal antibodies. Modification of the particle surface 
prevents aggregation and optimises cellular absorp- 
tion. 10 Gold nanoparticles are already used to study 
DNA. A variety of analytical techniques, such as optical 
absorption and fluorescence emission function as detec- 
tors in new methods of DNA nano-PCR sequencing. 123 
Gold nanoparticles also reacted as contrast intensifiers 
in photoacoustic cancer imaging in a rat model. 124 

Devices using nanotechnology for diagnosis 
will be fast, highly sensitive and specific and require 
miniscule quantities of analytical material. There are 
two promising methods currently in the development 
stage: Optical fabric and quantum dots. 125 Clothing 
made from fibre optic fabric could have dermatologi- 
cal applications, characterised by nevus mapping or 
tracking psoriasis or atopic dermatitis on body surface 
areas, as well as providing the dimensions of skin 
lesions. By detecting changes in skin temperature, it 
could also monitor inflammatory diseases such as 
psoriasis, atopic dermatitis, or mycosis fungoides. 126 
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Quantum dots are highly fluorescent, and their emis- 
sion absorption spectrums can be tuned over a wide 
range of frequencies from infrared to ultraviolet, are 
intensely bright, and their fluorescence is stable and 
durable. 123 This method is applied for tumour location 
without using radioactive substances. Topical applica- 
tion of quantum dots would allow sentinel lymph 
node evaluation without disturbing the skin or 
tumour evolution. Formulations of biocompatible 
quantum dots are being developed to make the proce- 
dure less toxic. 125 

In cases of malignant neoplasia, nanotechnology 
is of great value in both diagnosis and treatment. 
Different particles such as iron oxide and carbon, silica, 
and gold nanotubes generate improved treatment 
response in different tumours. 12 " 30 In a rough way, 
these particles act as carriers, ligands, or boosters for 
chemotherapy drugs such as methotrexate, doxorru- 
bicin, as genetic materials such as si-RNA, and others, 
with the intent to improve specificity, drug liberation 
time, posology, and the efficacy of cancer treatment. 131 " 133 

When a nanoparticle simultaneously carries 
therapeutic image diagnostic agents to a specific deter- 
mined target, this is called a Theranostics (Figure 2). 109 

Nanotechnology has a crucial role in cancer 
treatment in relation to the use of different nanocarri- 
ers such as liposomes, micelles, dendrimers, carbon 
nanotubes, polymer-drug conjugates and other 
nanoparticles. These can act to protect a drug from 
early reticuloendothelial system degradation. It also 
allows higher drug serum concentrations to be carried 
through biological barriers, increasing drug availabil- 
ity in the intracellular compartment and consequently 
reducing toxicity and other associated side effects. 133 
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Figure 2: Nanoparticle simultaneously containing a therapeutic and 
a diagnostic element - called a Theranostic 



RISKS OF NANOTECHNOLOGY 

Nanotechnology is a relatively new branch of 
engineering and medicine and is making fast inroads 
in the area of health. As nanotechnology applies 
unique material properties on a nanometric scale, 
there is a potential risk for significant chemical volatil- 
ity, which brings with it an increased risk of cell and 
tissue damage. 2 

At the moment gaps exist in understanding the 
environmental and human risks offered by nanoparti- 
cles, requiring a huge need to evaluate environmental 
and health impacts, as well as the life cycle of 
nanoparticles, human exposure routes, and the behav- 
iour of these particles in the body. 134 Therefore uncer- 
tainties exist on establishing the toxicity of more 
recent nanomaterials. There is no unequivocal correla- 
tion between the balance of characteristics verified in 
vitro (cellular and molecular) and in vivo (animals). 135 

The UC Center for the Environmental 
Implications of Nanotechnology (UC CEIN), and the 
UCLA Center for NanoBiology and Predictive 
Toxicology (UCLA CNPT), both located in California 
- USA, recommend evaluating nanomaterials at a cel- 
lular and molecular level in an attempt to predict 
potential dangers to the environment and individual, 
mainly in relation to the respiratory system. 2136137 

Andre Nel et al. in their study "Nanomaterial 
toxicity testing in the 21 st century: use of a predictive 
toxicological approach and high-throughput screen- 
ing" through the physicochemical properties of nano- 
materials in vitro; and then correlating the toxic effects 
in animal models, established reasonable parameters 
for the toxic triage of nanomaterials. 135 However, this 
initial triage is not able to predict the real immediate 
toxic effects in humans, or the consequence of chronic 
exposure, such as oncogenic potential, which for exam- 
ple, was verified in chronic asbestos exposure, strongly 
correlating to mesothelioma development. 135138 It is 
therefore especially essential to focus attention on bio- 
compatibility, pharmacokinetics/ pharmacodynamics, 
toxicity, efficacy, and risks and benefits. 13 ' In this way, 
the use of nanoparticles in humans, due to a lack of in 
vivo studies, is not sufficiently safe. It is hoped that 
technological development, improvements in systems 
of in vivo and in vitro triage through deeper studies 
bring an improved safety profile to nanoparticle use. 135 

CONCLUSION 

Nanotechnology is a growing focus of attention 
in the scientific community. The use of particles on a 
nanometric scale is a relatively new technology more 
fully explored in the last few years. Its use covers engi- 
neering, oncology, infectology, dermatology, chem- 
istry, and others. In the area of medicine, it is generat- 
ing considerable enthusiasm in many researchers as a 
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promising treatment for serious diseases such as can- 
cer due to its specificity, half-life, penetration capacity 
in tissues, and the possibility of early diagnosis and 
better topographical location. In dermatology it has 
gained prominence mainly in relation to manufactured 
products, especially in the cosmetics industry, innovat- 
ing the treatment of inflammatory and immunomedi- 
ated dermatoses through more effective medications 
with less side effects. Over and above the biological 
activity of certain nanomaterials, micro and nanoparti- 
cles are being widely investigated as carriers or drug 
delivery systems. Their variable shape, functioning 
size, and load capacity give drug delivery systems new 
pharmacological properties, such as special route 
internalisation, selectivity, segmentation, and slow 
release. As nanomaterials represent a large group of 
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